This study was to investigate the effects of hatching egg weight and length of storage period on hatchability and subsequent growth performance of quail. A total of 2304 eggs was collected from a quail flock, aged 17 weeks. The eggs were divided into four groups on the basis of storage periods of 1, 3, 5 or 7 days. Prior to egg storage, the eggs in each group were classified according to egg weight, as small: <10.51 g; medium: 10.51-11.50 g; large: 11.51-12.50 g; and jumbo: >12.51 g. Hatchability of total and of fertile eggs increased significantly with an increase in egg weight but was not affected by duration of egg storage. There were no significant effects of egg storage period on body weight and feed conversion ratio of the progeny at six weeks of age. The average body weight of the quail produced from heavier eggs (large and jumbo) was significantly higher than those from the smaller eggs. It is recommended that the storage period should be no longer than 3 days. Eggs heavier than 11.50 g were found to be the most suitable for successful hatching and subsequent growth performance.
Introduction
Long egg storage periods affect the pH of the albumen due to loss of carbon dioxide (Dawes, 1975) , which is important in maintaining embryonic viability, and result in decreased hatchability (Kirk et al., 1980; Deeming, 2000; Heier & Jarp 2001) . Eggs incubated on the day of lay produced heavier chicks than eggs stored for a number of days (Reis et al., 1997) . Small eggs also produced smaller chickens with a lower performance than chickens hatched from larger eggs (Among et al., 1984; Farooq et al., 2001) . Although numerous studies have shown that there is strong positive correlation between pre-incubation egg weight, length of storage periods, hatchlings weight and growth performance of different species of poultry (Ayorinde et al., 1994; Danczak & Majewska, 1999; McLoughlin & Gous, 1999; Farooq et al., 2001; Heier & Jarp, 2001; Nahm, 2001) , the effects of length of egg storage and hatching egg weight on the hatchability and subsequent growth performance of quail have not been fully investigated. Therefore, the objective of the present study was to examine the effect of egg weight and length of storage on hatchability and subsequent growth performance of quail and to determine the optimal pre-incubation egg storage period and optimal weight of eggs destined for hatching.
Materials and Methods
This research was conducted at the Livestock Research Centre of the Faculty of Veterinary Medicine in Bursa, Turkey. A total of 2304 eggs was collected from a 17 week old quail flock of the Pharaoh strain (Coturnix coturnix Pharaoh), bred at the centre. The eggs were allocated to four groups, to be stored for 1, 3, 5 or 7 days. Prior to storage, the eggs were divided into size groups according to egg weights, viz. small: <10.51 g; medium: 10.51-11.50 g; large: 11.51-12.50 g; and jumbo: >12.51 g. Eggs were stored at 18 ºC and 75% relative humidity, and turned twice a day. One hundred and forty-four eggs from each group were incubated in a commercial hatchery. Forty-eight eggs constituted a replicate in each group.
The setter was operated at 37.5±0.5 ºC dry bulb temperature and 29.0±0.5 ºC wet bulb temperature. The hatcher was operated at 37.0±0.5 ºC dry bulb temperature and 31.0±0.5 ºC wet bulb temperature. The eggs in the incubator were turned 15 times per day. Trays representing all egg weights and storage period treatment groups were distributed in the setter and hatcher to minimize possible machine position effects that could be due to differences in air flow rate.
The hatcher was opened at 396, 400, 404, and 408 h of incubation and all the chicks that fully emerged from their eggs were removed, counted and placed again in the hatcher. All chicks were removed at South African Journal of Animal Science 2003, 33 (4) © South African Society for Animal Science 243 418 h post-incubation and weighed individually to the nearest 0.05 g. From the data, hatching time (number of chicks hatched per number of all eggs set per control x 100) was calculated. All unhatched eggs in each treatment were opened and examined macroscopically to determine percentage fertility, percentage hatchability of fertile and total eggs. Hatchability of fertile or total eggs was calculated as the number of chicks hatched per fertile or total eggs set. The fertility results were reported as "apparent fertility" and presented in concert with hatchability of fertile and total eggs to provide unbiased data.
The newly hatched chicks from all groups were reared under the same growing conditions in battery cages in an open-sided house with mechanical ventilation. Chicks belonging to the same group were randomly allocated into three replicates at hatch. After being separated at three weeks of age according to sex on the basis of thoracic feather colour and through cloaca inspection by an experienced person, 25 female and 25 male quails in each group were transferred from the brooding cages to growing cages. These chicks were brooded and reared at 28 o C for the first week, 27 o C during the second week, 24 o C during the third week and 18-21 o C from the fourth week to 6 week of age. A 24-h constant lighting regimen was used throughout the experiment. Standard production practices and quail growth ration produced at the Research Centre were used during the treatment. All birds had ad lib. access to feed and water. The diet was formulated according to NRC (1994) guidelines and the nutrient content of the diet is presented in Table 1 . Chemical analyses of the diet were done, using the international procedures of AOAC (1990) and are presented in Table1. 0.10 1 Oxiform Dry-I: antioxidant (Farmavet İlaç Sanayii, Istanbul, Turkey) 2 Vitamin and trace mineral premix provided the followings per 2.5 kg of diet: Vitamin A -700 000 IU; vitamin D 3 -300000 IU; vitamin E -5000 mg; vitamin B 1 -8000 mg; vitamin K 3 -4000 mg; vitamin B 2 -1600 mg; vitamin B 6 -1200 mg; vitamin B 12 -12 mg; pantotenic acid -4000 mg; niasin -6000 mg; folic acid -400 mg; biotin -120 mg; colin chloride -400000 mg; Cu -2000 mg; I -120 mg; Co -100 mg; Se -80 mg; Mn -24000 mg; Fe -48000 mg; Zn -6000 mg; calcium D-Pantotenat -800 mg; BHT -10000 mg; niacin -2000 mg 3 Robifarm 33 Dry: anticoccidial (Farmavet İlaç Sanayii, Istanbul, Turkey) Individual body weights of the quail at hatching and at 42 days of age were measured to determine chick weight and growth. The feed conversion ratio (kilograms of feed intake per kilogram of body weight gain) and mortality were calculated for the 42 days of growth period. Mortality rate was determined by dividing the number of dead by the number of quail at the beginning of growing period in a group. The European Efficiency Factor was calculated according to the method described by Nilipour (1998) The results for hatching time, apparent fertility, hatchability of fertile and total eggs, body weight at hatch and 42 days of age were analysed by two-way analysis of variance. When differences among the groups were significant, means were separated, using the Tukey test. Arc sine transformation was performed on hatching time, apparent fertility, hatchability of fertile and total eggs data prior to analyses. For feed conversion, the Kruskal-Wallis non-parametric ANOVA and Dunn's multiple comparisons tests were applied to indicate differences among the main groups. Mortality rates among the groups were analysed by the Chi-Square test procedure (Snedecor & Cochran, 1989) . All analyses were performed using SPSS ® computer software 10.00 (SPSS Inc. Chicago, USA 1999). Setting egg weight and length of egg storage period were the main effects. .07 Significance * ** n.s * § Small: <10.51 g; medium: 10.51-11.50 g; large: 11.51-12.50 g; jumbo: >12.51 g.
Results and Discussion

FCR -Feed conversion ratio
European Efficiency Factor (EEF): g gained/day X % survival rate / conversion: 10 a-d. Within columns, within effects, values with different superscripts differ significantly at P < 0.05(*) and P < 0.01(**)
The main and interactive effects of hatching egg weight and length of storage on hatching time, apparent fertility, and hatchability of total and fertile eggs are shown in Table 2 . The hatching time of chicks was significantly influenced by length of storage period and hatching egg weight (P < 0.05). Observations started at 396 h, at which time about 47.6, 13.8, 0.27, and 0% of chicks from the eggs stored for 1, 3, 5, and 7 days or 16.93, 14.43, 17.99, and 13 .71% of chicks in the small, medium, large and jumbo eggs respectively were already hatched. At the last control point (at 408 h of incubation) the hatching time of chicks hatched from small and jumbo eggs or stored for seven days was found to be longer than that of the others. This finding is concurrent with the findings of Nester & Nable (2000) , Smith (2000) and Inal (2001) . Hatchability of fertile and total eggs increased (P < 0.05) with an increase in egg weight but was not significantly affected by the length of egg storage period. The relatively low hatchability of small eggs can be explained by insufficient essential nutrients which might result in increased chick mortality. Apparent fertility was 89. 3, 5, and 7 days, respectively, or 86.5, 90.0, 90.1 and 92.1% in the small, medium, large and jumbo eggs, respectively. Although long storage time and hatching egg weight do not affect true fertility, the present study and the work of Elibol et al. (2002) suggested that long egg storage, except for one day prior to incubation, decreased (P < 0.05) apparent fertility. In this study, there was no hatching egg weight x length of storage period interactions for the apparent fertility, or hatchability of total and fertile eggs.
The main and interactive effects of egg weight and length of storage period on growth performance of progeny are presented in Table 3 . Body weight at hatch and 42 d of age was not affected by length of storage period. However, hatching egg weight did affect these parameters (P < 0.05). Chicks hatched from eggs stored 1, 3, 5, and 7 d had similar initial and final weights. These results are in contrast to the findings of Sachdev et al. (1988) and Reis et al. (1997) who reported that the body weight of quail hatched from eggs stored for a short period was higher that when stored for longer periods. Initial chick weights were affected by hatching egg weight, with superiority of chicks from jumbo eggs, compared to those from small, medium and large eggs. Small eggs produced smaller offspring with smaller body weight at 42 d of age compared to those from the larger eggs. This result corroborates the findings of Among et al. (1984) and Farooq et al. (2001) , and indicates that hatching egg weight, chick weight and chick growth are interrelated. In this study there were no significant differences in feed conversion ratio between the main groups. The mortality of quail was affected (P < 0.05) by hatching egg weight. The survival rate of quails hatched from small eggs was found to be lower than in those from larger eggs. There was no hatching egg weight x length of egg storage period interactions for body weight at hatch and 42 d of age, feed conversion ratio, and mortality rate. According to the European Efficiency Factor, which is the best indicator of bird performance, the growth performance of quails hatched from eggs stored for 1 and 3 days or large and jumbo eggs was found to be superior.
Conclusions
This study showed that the hatchability and growth performance of progeny were affected by length of storage period and hatching egg weight of quail. The hatchability and growth performance decreased with increasing length of storage and decreasing hatching egg weight. Eggs stored for no longer than 3 days and heavier than 11.5 g were found to be the most suitable for the optimum hatchability and subsequent growth performance.
